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ABSTRACT 
A study on the use of pesticides in market-gardening production was carried out on 108 market-gardeners in the rural 
city of Tori-Bossito in Southern Benin. The objective of the study was to characterize the potential risks of pesticides 
usage by farmers and the impacts on their health and on the environment. Two risk indexes were calculated for each 
pesticide: an environmental risk index (ERI) and a health risk index (HRI). First stage larva of the mosquito Aedes ae-
gypti were used as bio-indicator for detecting insecticide residue in vegetable before their harvesting on the farms. The 
highest ERI were obtained for carbofuran, chlorpyriphos ethyl and endosulfan. Pesticide residues were found in 42% of 
the samples of leaves of eggplant, cucumber, amaranth and solanum. Vegetables growers used pesticides that may be 
highly hazardous and which were not registered in most cases. These situations could have unexpected consequences 
including the exposure of consumers to health hazards.  
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1. Introduction 
Pesticides are increasingly used by farmers in Sub-Sa- 
haran Africa to protect their crops. Pesticides are used to 
destroy, neutralize insects, vermin, all kinds of human 
disease carriers, and other harmful or awkward plants or 
animal species. They help during the production, trans- 
formation, storage, transportation or distribution of food- 
stuffs, agricultural products, wood, and derived products. 
[1]. The use of these products requires some rules and 
procedures in order to avoid endangering human beings 
and the environment. Human health issues related to pes- 
ticide’s use in agriculture have been noted in all regions 
of the world [2,3]. The environmental consequences re-
lated to the use of pesticides relate to things such as air 
quality, soil, water and biodiversity [4]. In West Africa, a 
pesticide contamination of the ground water was ob- 
served in farming area of Niayes in Senegal [5]. A con- 
tamination of ground water by the organophosphate and 
organochlorine pesticides was reported in several areas in 
Ivory Coast [6]. After the spreading of pesticide on plants, 
the farmer generally needs to withdraw for some time 
(depending on the strength of the product) before har- 
vesting in order to prevent the contamination of the crops. 
We noted however that this requirement is frequently by-
passed. For instance, residues amounts exceeding 0.5 µg/g 
for the organochlorine (DDT, Endrin, Heptachlore) were 
detected in vegetables in Southern-Benin [7]. Like the 
majority of Sub-Saharan Africa farmers, those in the ru-
ral city of Tori-Bossito know little about the real toxic- 
ity of the pesticides and their sedentary use modes [8]. 
The aim of this study was to characterize by toxico- 
logical, ecotoxicological and biological indicators, the 
potential hazards for human health and the environment 
of the pesticides used by the small rural farmers of Tori- 
Bossito.  
2. Materials and Methods 
The study was carried out in the rural city of Tori-Bos- 
sito, located 30 km away from the city of Cotonou, in 
Southern Benin. It covers 328 km2 of land and has a huge 
area of mangroves which are very important for the *Corresponding author. 
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farming and gardening activities in the region. We chose 
Tori-Bossito for this study because gardening is one of 
the primary income sources of the populations. 
2.1. Survey and Computation of the Risk Indexes 
A descriptive and analytical study was carried out to 
characterize the environmental and health risks related to 
the use of the agricultural pesticides in the rural city of 
Tori-Bossito. Hundred and eight gardeners were surveyed 
to obtain the information relative to pesticide usage in 
2008. The information on the bottles and packaging of 
the pesticides were collected. Based on the information 
collected using the questionnaires and datas indexed in 
databases on the pesticides’ toxicological and eco-toxi- 
cological properties, the health hazards and environ- 
mental risk indexes were calculated using the pesticides 
risk indicator of Quebec-IRPeQ developed by the Que- 
bec National institute of public health (INSPQ), the 
Quebec ministry for Sustainable development, the Envi- 
ronment and the Parks (MDDEP) and the Quebec Minis- 
try for Agriculture, Fisheries and Food (MAPAQ) [9]. 
The toxicological data used to compute the indexes was 
obtained in “The Manual E-Pesticide” (Wise & Loveys 
Information Ltd Services, 2001) [10], in the European 
database on the properties of the pesticides “Footprint 
PPDB” [11] and in the database of “SAgE pesticides” 
developed by the INSPQ, the MDDEP and the MAPAQ 
[12]. The choice of the indicator of risks of the pesticides 
(IRPeQ) was made by considering the availability of the 
tool, its ease of use depending on data accessibility for 
the most active ingredients. IRPeQ calculates a human 
health risk index (HRI) and an environment risk index 
(ERI). The computation of the HRI considers all the 
toxicological properties of the active ingredients (acute 
toxicity, chronic toxicity modulated by a factor related 
with persistence and bio-accumulation) and certain prop- 
erties of the commercial products (maximum amount 
recommended per hectare, and type of formulation). ERI 
incorporates the ecotoxicological impact of the active 
ingredients (a.i) on the terrestrial invertebrates, the birds, 
the aquatic creatures, and certain physio-chemical parame- 
ters (bio-accumulation, persistence in the ground and mo- 
bility). 
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2.2. Residual Amounts of Pesticides 
Samples of vegetable sheets and soils were taken to 
evaluate the presence of pesticide residues using a bio- 
logical indicator of toxicity [13]. This method does not 
aim to identify the molecules present in samples, but at 
comparing the toxic effect of the extracts of sheets or 
soils on the first larvae stages of Aedes aegypti to the 
effect of a reference molecule, the deltamethrin, a crop 
protection agent recommended for commercial gardening 
in Benin. The deltamethrin was used as sentinel molecule 
because of its strong toxicity (LD50 of 0.4 µg/L) on the 
larvae of Aedes aegypti strain S-Be from north of Benin, 
but also because it belongs to the family of the pyrethri- 
noids. Indeed these insecticides are frequently used in 
Benin, either alone or combined with organophosphates, 
for crop protection [8]. 
In the market-gardening perimeters of Tori-Bossito, 24 
samples of plant were taken in 17 parcels before harvest. 
Overall, 11 different plants were sampled. To evaluate 
the evolution over time of the amount of insecticide 
residue in the cabbage sheets and the surface layer of the 
ground after a treatment, samples of cabbage sheets and 
soils were taken one hour before and after treatment with 
DECIS 12.5EC to 35 g a.i/ha (active ingredient per hec- 
tare). Other daily samplings were conducted on the tenth 
day after treatment. For each sample, 200 mg of vegeta- 
ble or 60 mg of soil were each put in a tube in which 
respectively 10 ml and 40 ml of ethanol were added to 
extract the residues from pesticides in 24 hours. A vol- 
ume of 0.1 ml of extract was added to the contents of a 
polystyrene goblet containing 9.9 ml of water with 20 
larvae of first stage of Aedes aegypti (with three repeti- 
tions for each sample). The counting of mortality was 
made 24 hours after application. The test was taken again 
with two dilutions 1/10 and 1/100 in the event of total 
mortality. Natural mortality was taken into account by 
tests with distilled water containing ethanol 1%. A com- 
mercial formulation of Decis 12.5 EC made of deltame- 
thrin with 12.5 g/L was used to establish the calibration 
line on the larvae of Aedes aegypti. A dilution to the 
1/200,000 in distilled water was carried out before mak- 
ing a series of ten successive dilutions giving a mortality 
ranging between 1% and 99% (Figure 1). The residual 
amount of pesticides in the vegetable sheets was evalu- 
ated and recorded in microgram per gram of equivalent- 
deltamethrin starting from the calibration curve. 
3. Results 
3.1. Human Health and Environmental Risks of 
the Pesticides 
Health Risks Indexes (HRI) 
In the results of our analysis, some active ingredients 
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3.2. Potential Presence of Residues of Pesticide in 
the Samples Analysis 
such as endosulfan, chlorpyriphos-ethyl and maneb pre- 
sented simultaneously high acute and chronic risks (Ta- 
ble 1). The impact of the deltamethrin on the first stage larvae of 
Aedes aegypti is illustrated by Figure 1. The mortality of 
the larvae was observable starting from 0.1 μg/L of del- 
tamethrin. Mortality was total from 1 μg/L of deltamethrin. 
The results of the vegetables samples taken on plants 
before harvest showed the potential presence of residues 
of pesticides in 41.7% of the collected samples (Table 4).  
Others like lambdacyhalothrin, acetamiprid, metalaxyl 
and copper oxyd presented a high acute risk, but a weak 
chronic risk. Active ingredients such as mancozeb, car- 
bendazim, thiophanate-methyl presented a high chronic 
risk and a weak acute risk. The maneb and the acetami- 
prid gave the weakest factor related to persistence in the 
environment and the bio-accumulation on human. The 
highest toxicological risk indexes (TRI) and the highest 
health risk indexes (HRI) were obtained for endosulfan, 
chlorpyriphos-ethyl and mancozeb (Table 2). As far as 
the commercial preparations are concerned, there are the 
formulations of endosulfan (COTOFAN 350.EC and 
THIONEX 350.EC), of chlorpyriphos-ethyl (DURSBAN) 
and the mancozeb (FOKO) which presented the highest 
risks for the human health with respectively indexes of 
2290, 3499 and 3538 (Table 3). Formulations of DECIS 
12.EC, TOPSIN M and the COTALM P 218.EC had a 
slightly lower risk level. The formulation of COTALM P 
218.EC was the most used by the producers of Tori- 
Bossito (84.2% of the vegetable growers). The fungicide 
CALLOMIL 72WP (metalaxyl and copper oxyd) pre- 
sented the lowest risk of health impact. 
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Figure 1. Toxicity of deltamethrin (DECIS 12.5 EC) on 
Aedes aegypti L1 larva (S-Be strain). 
 
Table 1. Values of the parameters entering in calculation of health risk index. 
Actives ingredients Acute risks Chronic risks Fper LFf FCP TRI HRI 
Endosulfan 20 29 3 2 1 11449 2290 
Lambdacyhalothrin 40 2 3 2 0,5 2116 212 
Cyperméthrin 16 25 3 2 0,5 8281 828 
Acetamiprid 24 4 1 2 0,5 784 78 
Chlorpyriphos-ethyl 22 37 3 2 1 17689 3538 
Profenophos 18 18 3 2 1 5184 1037 
Deltamethrin 14 37 3 2 1 15625 1562 
Cyfluthrin 15 26 2.5 2 0.5 6400 640 
Mancozeb 8 50 2 2 1.5 11664 3499 
Carbofuran 18 25 2 1 2 4624 925 
Carbendazim 4 41 2 2 1 7396 1479 
Metalaxyl 21 1 2.5 2 1 552 110 
Cooper oxyd 24 3 3 2 1 1089 218 
Thiophanate-methyl 7 38 2 2 1 6889 1378 
Maneb 20 53 1 2 1.5 5329 1599 
Fper: Factor taking into account the persistence and the potential of bio-accumulation in human; LFf: Loading factor related to the 
type of formulation; FCP: Factor of compensation taking into account the concentration of the active ingredient in the formulation as 
well as the dose recommended per hectare; TRI: Toxicological Risk Index; HRI: Health Risk Index. 
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Table 2. Values of the parameters entering in calculation of environment risk index. 
Actives ingredients T O A M P B IRE 
Endosulfan 4 2 4 0 2 2 380 
Lambdacyhalothrin 0 0 3 0 0 2 36 
Cyperméthrin 4 0 4 0 1.5 2 240 
Acetamiprid 2 2 0 0 0 0 12 
Chlorpyriphos-ethyl 4 3 4 0 1 2 410 
Profenophos 4 2 3 0 0 0 210 
Deltamethrin 4 0 3 0 0 2 169 
Cyfluthrin 4 0 4 0 0.5 2 210 
Mancozeb 0 0 4 0 0.5 0 30 
Carbofuran 4 4 4 4 1 0 576 
Carbendazim 4 0 3 1.5 0 0 156 
Metalaxyl 0 0 0 1.5 1 0 12 
Cooper oxyd 0 0 2 0 4 0 49 
Thiophanate-methyl 2 0 1 0 0 0 30 
Maneb 0 0 3 0 0 0 16 
T:Impact on the terrestrial invertebrates; O:Impact on birds; A: Impact on the watering organisms; M:Mobility of the active ingredi-
ent; P: Persistence in the soil; B: Bio-accumulation; ERI: Environmental Risk Index. 
 
Table 3. Environment and Health risks indexes of pesticides. 
Pesticides Actives ingredients Farmer’s use level (%) HRI ERI 
DIAFURAN Carbofuran 2.8 925 576 
CYFLUTHRALM P318EC Cyfluthrin 0.9 1677 420 
 Profenofos    
DURSBAN Chlorpyriphos-ethyl 0.9 3538 410 
COTOFAN 350EC Endosulfan 3.7 2290 380 
THIONEX 350EC Endosulfan 0.9 2290 380 
CAPT 88EC Cypermethrin 1.9 906 252 
 Acetamiprid    
COTALM P218EC Lambdacyhalothrin 84.2 1249 246 
 Profenofos    
CYPERCAL 50EC Cypermethrin 3.7 828 240 
CYDIM C50 Cypermethrin 0.9 828 240 
CYPER D Cypermethrin 0.9 828 240 
DECIS 15EC Deltamethrin 4.6 1562 169 
BENDAZIM 50WP Carbendazim 1.9 1479 156 
CALLOMILL 72WP Metalaxyl 1.9 328 61 
 Cooper oxyd    
TOPSIN M Thiophanate-methyl 29.6 1378 30 
FOKO Mancozeb 33.3 3499 30 
TRIMANGOL 80 Maneb 0.9 1599 16 
IVORY Maneb 1.9 1599 16 
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Table 4. Estimation of pesticide residues (in mg of equivalent deltamethrin per kg of leave) in 24 samples of leaves from 11 
plants before harvest in 4 market-gardening in Tori-Bossito. 
Market-gardening perimeters of Tori-Bossito 
Samples 
Hla Dohinoko Ananvié Houédaga 
Cabbage 0.03 - - - 
Solanum Nd - - 4.75 
Eggplant Nd - 1.17 0.04 
Cucumber 0.07 - 0.11 - - - 
Bean Nd - - - 
Zucchnini Nd - - - 
Celosia - 0.09 - - 
Amaranth - 0.04 - 0.07 - - 
Vernonique - Nd - - 
Squeaky fiddle - Nd - - 
Tomato - - 0.04 - 
*Nd: Not detected, residual insecticide content expressed mg of deltaméthrine/kg equivalent of leaves. 
 
The most important residual amounts were found in sheets 
of eggplant and solanum (respectively 1.17 and 4.75 ppm 
of equivalent-deltamethrin). In the other positive samples 
coming from both traditional vegetables (amaranthe, ce- 
losy, solanum) and “exotic” vegetables (cabbage, tomato, 
eggplant, cucumber), the amounts were lower than 0.1 
ppm of equivalent-deltamethrin. 
One hour before the spreading of the DECIS 12.5 EC, 
no residue of pesticide was detected in the samples of 
sheets of cabbages and soils (Figure 2). One hour after 
treatment, the residual amount of deltamethrin detected 
in the cabbage sheets was about 500 ppb (ng/g of sheets) 
and of 90 ppb (ng/g of soils) in the soils. This residual 
amount of deltamethrin decreased regularly with time to 
reach 8 ppb at the end of 10 days. In the samples of soils, 
the amount of deltamethrin remained stable until the 
second day after treatment. Beyond two days after treat- 
ment, no insecticide residue was detected in the soils.  
4. Discussions 
4.1. Evaluation of the Environmental and Health 
Risks of the Pesticides 
The indicator of risk for the environment showed the 
carbofuran as being the most dangerous product for the 
environment among all the listed active ingredients. 
Moreover, a high quantity of the active ingredient must 
be used (5 kg ma/ha) for an effective stabilization of soils 
against nematodes, according to the inscriptions present 
on packaging. According to the surveyed vegetable grow- 
ers, Carbofuran is the only nematicide product available 
in Benin. ERI confirmed that Carbofuran actually be- 
longs to the 1b category (highly dangerous) of the World 
Health Organization (WHO) pesticides classification 
[14]. 
ERI also classified chlorpyriphos-ethyl and Endosulfan 
as dangerous for the environment after Carbofuran. En- 
dosulfan was recently prohibited in Benin like in most 
Sub-Saharan African countries, especially the members 
of the Inter-State Committee for the Fight against Dry- 
ness in the Sahel (CILSS) [15]. It is very neurotoxic and 
was classified in the Ib category (very highly dangerous) 
by the US EPA [16] and in category II (moderately dan- 
gerous) by WHO [14]. Cases of intoxication and deaths 
were blamed on Endosulfan in Benin [17]. Acetamiprid 
is classified as the least dangerous for the environment. 
Nevertheless, its use is risky for birds and terrestrial in- 
vertebrates such as the bees [10,11].  
 
 
Figure 2. Residual quantity of deltamethrin in cabbage 
plots and soils after a spray (T) with Decis 12.5 EC at 35 g 
a.i./ha. 
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The HRI classified Mancozeb, Chlorpyriphos-ethyl 
and Endosulfan as very risky for producers and consum- 
ers’ health. These active ingredients have both a high 
chronic toxicity risks and a high potential of bio-accu- 
mulation on human. Mancozeb was used by one third of 
the producers as a fungicide. Regular exposure to this 
active ingredient could induce occupational diseases in 
the long run. Indeed Mancozeb has a strong environmental 
persistence and a high potential of bio-accumulation. It is 
genotoxic and could have an impact on human reproduc- 
tion [18]. It could be replaced by biological fungicides 
such as Bacillus subtilis which would equally fight dis- 
eases induced by mushrooms [19]. 
COTALM P218EC (mixture of lambdacyhalothrin and 
profenofos) presents a health and environmental hazard 
relatively lower in comparison with formulations of en- 
dosulfan and chlorpyriphos-ethyl which have a higher 
risk of acute toxicity (high eyepiece and cutaneous irrita- 
tion). It is riskier for birds, terrestrial and aquatic living 
things. It is used by producers because of its low cost but 
also for its broad spectrum of activity. Lambdacyhalothrin 
like any pyrethrinoid has also a toxic and repulsive effect 
on useful insects (parasitoïdes): this increases the risk of 
vermin’s overpopulation. It would be preferable to re- 
place it with Spinosad (Laser), a bio-insecticide frequently 
used on tomato in Benin. 
IRPeQ enabled us to calculate the environmental and 
health risk in relation to the amounts applied per hectare. 
For the calculation of ERI, the ecotoxicological proper- 
ties were taken into account to estimate the impact of the 
active ingredients on aquatic creatures, invertebrates and 
birds. It also considers several physico-chemical parame- 
ters such as mobility, persistence in the ground, bio-ac- 
cumulation and other characteristics related to the com- 
mercial preparation. For the calculation of the HRI, the 
acute and chronic toxicological characteristics, environ- 
mental persistence and the potential of bio-accumulation 
of the products are considered. Next, the types of formu- 
lation and equipment come to modulate the health hazard. 
This indicator allows us to compare various pesticides, 
and make decisions based on environmental and public 
health criteria [9]. This indicator can be modified ac- 
cording to whether it is used for provincial assessments 
or on the farm. In the first case, the risks indexes are cal- 
culated on the basis of the reference amount applied per 
hectare whereas in the case of application to the farm, the 
module IRPeQ-express let the farmers integrate the ac- 
tual quantity used in their calculation [20]. This module 
is distinct but complementary to the “SAgEpesticides” 
which wants to be especially a tool facilitating the choice 
of low-risks pesticides. IRPeQ also accounts for the drift 
and the height of vegetation in the ERI computation. IR- 
PeQ considers that the good practices are respected by 
the workers so for instance, it won’t assess whether or 
not, growers are wearing protective gears. This variable 
can easily be integrated into an exercise of risks analysis 
referring to various scenarios of exposure without being 
a decision-making tool. The model can however be up- 
dated to adapt to techniques used in tropical Africa where 
some producers ignore the measurements and safety rules, 
and simply use branches of plants to sprinkle the insecti- 
cidal pulp and thus to make possible to quantify the risk 
for a producer [8]. One limitation of the risk indicators is 
that the underlying data is not available for all the active 
ingredients. This was also mentioned by [21]. Due to the 
lack of clearly defined benchmarks for the risk indicators, 
the results obtained by score aggregation will lack trace- 
ability and make it hard to statute on whether or not a 
product is safe for use [22]. They however let you com- 
pare active ingredients and commercial preparations to 
choose the least risky for human health and environment. 
The same active ingredient in two different commercial 
preparations can have different environmental and health 
risks indexes because guidelines and reference amounts 
vary for each commercial preparation. Sometimes, entry 
variables are highly weighted [22,23]. IRPeQ however 
doesn’t overweight certain variables compared to others. 
It is a complex indicator which aggregates the scores of 
several parameters to accurately depict reality. 
4.2. Biological Method of Detection of Pesticides 
Residues 
The strongest residual amounts of pesticides were found 
in samples of eggplant and solanum (respectively 1.17 
and 4.75 ppm of equivalent-deltamethrin). To draw a 
comparison with food poisoning risk, these doses exceed 
the maximum limit of residue in vegetables accepted in 
the European Union for deltamethrin (approximately 0.5 
ppm) [24]. One explanation may be that these plants 
were treated with other active ingredients a few days 
before the samples were taken. The biological indicator 
used found traces of residual contents (5 to 10 ppb of 
deltamethrin) up to 10 days after a treatment in spite of 
the water-spraying carried out twice everyday (morning 
and evening). These make it a sensitive indicator in addi- 
tion to being inexpensive. A little less than half of the 
vegetable samples contained less than 0.5 ppm of del- 
tamethrin equivalent. This represents an intoxication 
threat. The amounts can be underestimated if the growers 
use pesticides less toxic than deltamethrin on Aedes ae- 
gypti larvae. Generally the producers sell these vegeta- 
bles to wholesalers or retailers who made them directly 
available to consumers. It’s therefore very important to 
educate buyers about the importance of washing thor- 
oughly the vegetables before consumption. The longer 
the lifespan of the pesticide, the higher are its risks. The 
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residues of pesticides are not detected in the samples of 
soils beyond two days after spreading of the DECIS 
12.5EC. This could be explained by the sandy nature of 
the soil and frequent irrigation. But the absence of resi- 
dues in the soils doesn’t mean that these molecules were 
destroyed. By infiltration they could have infiltrated the 
groundwater and thereby jeopardize water quality. This 
biological pesticides residues detection method is used 
only as indicator of pollution because it doesn’t reveal 
the active ingredients contained in the samples [13]. It 
could be coupled to more expensive but more precise 
methods of analysis such as chromatography coupled 
with mass spectrometry [7,25,26]. The method only de- 
tects residues having a lethal effect on the larvae of 
Aedes aegypti. Considering the fact that pyrethrinoid are 
used by almost 85% of producers in Tori-Bossito and 
that the larva of Aedes aegypti is very sensitive to these 
products, we could infer that these plant health products 
contribute to the toxicity observed in the larvae. It be- 
comes therefore critical from a public health stand-point 
to educate the vegetable growers on the risks of the plant 
health products. 
5. Conclusion 
Our investigation enabled us to identify the formulations 
of pesticides used in commercial gardening and to target 
those with a high potential impact on human health and 
on the environment. The pesticides having the highest 
risks were also the least frequently used. The biological 
method of detection indicates the potential presence of 
residues of pesticides in certain samples of vegetables. 
Frequent analysis of residues of pesticides with methods 
of analytical chemistry will enhance the specificity of the 
observed results. For the safety of the producers, dis- 
tributors and consumers, it appears necessary that public 
authorities pay a closer attention to the marketing and use 
of plant health products and develop alternatives methods 
like the physical fight [27,28]. 
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